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SURIHVVLRQDOVKDGDUDWKHUQHJDWLYHYLHZJLYHQWKHUHFRYHU\RIWKHSDWLHQW$OVRSDWLHQWV
KDGXQUHDOLVWLFLGHDVDERXWWKHUHFRYHU\GXHWRWKHLQIRUPDWLRQJLYHQE\WKH
SURIHVVLRQDOV
5HKDELOLWDWLRQRIWKHVWURNHSDWLHQWVLVDQLPSRUWDQWSDUWIRUWKHFDUHRISDWLHQWV
DQGIRUDVXFFHVVIXOUHFRYHU\$VWXG\ZDVDLPHGWRGHVFULEHWKHUHKDELOLWDWLRQSURFHVVWR
WKHVWURNHSDWLHQWVDQGDQDO\]HZKHWKHUWKHWUHDWPHQWJRDOVDQGLQWHUYHQWLRQVFRXOGEH
FODVVLILHG5HVXOWVVKRZWKDWSDWLHQWVZKRGRVHWJRDOVDQGSDUWLFLSDWHLQWKHYDULRXV


LQWHUYHQWLRQVGHVLJQHGWRKHOSLQWKHUHFRYHU\RIWKHVWURNHSDWLHQWVXVXDOO\DUHSDVVLYH
7KLVFRXOGEHFRUUHFWHGE\UHHGXFDWLQJWKHVWDIIWRLPSURYHWKHJRDOVHWWLQJZLWKWKH
SDWLHQWVDQGSURYLGLQJWKHPZLWKUHOHYDQWLQIRUPDWLRQ
$VWXG\ZDVGRQHLQWKH8.ZLWKWKHIRFXVRQIDFLOLWDWLQJVWURNHFDUHSODQQLQJ
WKURXJKVLPXODWLRQPRGHOLQJ7KHVWXG\FRQFOXGHGWKDWWKURXJKVLPXODWLRQPRGHOLQJ
WKH\FRXOGVXFFHVVIXOO\PDSRXWWKHHOHPHQWVRIWKHFDUHDQGWKHLULQWHUGHSHQGHQFLHV
$OVRWKDWVLPXODWLRQPRGHOLQJKDVWKHSRWHQWLDOWRVXSSRUWERWKGHFLVLRQPDNLQJDW
V\VWHPOHYHODQGPDNLQJVHQVHIRUWKHVWDNHKROGHUV$QRWKHUUHVHDUFKDUWLFOH
HPSKDVL]LQJWKHXVHRI0DUNRYPRGHOVVWDWHVWKDW0DUNRYPRGHOVSURYLGHDPHDQVRI
PRGHOLQJFOLQLFDOSUREOHPVLQZKLFKWKHULVNLVFRQWLQXRXVRYHUWLPHLQZKLFKHYHQWV
PD\RFFXUPRUHWKDQRQFHDQGZKHQWKHXWLOLW\RIDQRXWFRPHGHSHQGVRQZKHQLW
RFFXUV7KHDXWKRUH[WHQGVLWIXUWKHUE\PHQWLRQLQJWKDWPRVWDQDO\WLFSUREOHPVLQYROYH
DWOHDVWRQHRIWKHDERYHPHQWLRQHGFRQVLGHUDWLRQVDQGPRGHOLQJVXFKSUREOHPVZLWK
FRQYHQWLRQDOGHFLVLRQWUHHVPD\UHTXLUHXQUHDOLVWLFVLPSOLI\LQJDVVXPSWLRQV7KXVWKH
XVHRI0DUNRYPRGHOVDLGVLQWKHGHYHORSPHQWRIPRUHUHOLDEOHDQGIDLWKIXOPRGHOVRQ
FOLQLFDOSUREOHPV
6WURNHVHFRQGDU\SUHYHQWLRQOLIHVW\OHLQWHUYHQWLRQVDUHHIIHFWLYHLQWHUPVRI
SRVLWLYHFKDQJHLQUHODWLRQWREHKDYLRUVVHFRQGDU\RXWFRPHVDQGSK\VLRORJLFDO
RXWFRPHV,QWHUPVRISK\VLRORJLFDORXWFRPHVWKHLQWHUYHQWLRQVDLPLQJDWUHGXFLQJEORRG
SUHVVXUHZHUHIRXQGWREHHIIHFWLYH$QRWKHUVWXG\DLPLQJWRILQGDQ\VWDWLVWLFDO
GLIIHUHQFHLQWZRJURXSVWKHFRQWUROJURXSFRPSULVLQJRISK\VLFDODFWLYLW\DORQHDQG
LQWHUYHQWLRQJURXSFRPSULVLQJRIWKHSK\VLFDODFWLYLW\DQGOLIHVW\OHLQWHUYHQWLRQ7KH\


FRQFOXGHGWKDWDOWKRXJKWKHUHLVQRWVLJQLILFDQWVWDWLVWLFDOGLIIHUHQFHLQWKHWZRJURXSVDWD
QLQHPRQWKIROORZXSWKHUHPD\EHSRWHQWLDOEHQHILWVLQWKHORQJWHUPUHKDELOLWDWLRQDIWHU
VWURNH
$PRQJPDMRUSUHYHQWDEOHFDXVHVRIVWURNHKLJKEORRGSUHVVXUHDIIHFWV
DSSUR[LPDWHO\RQHLQWKUHHDGXOWVLQWKH8QLWHG6WDWHVDQGWKXVK\SHUWHQVLRQFRQWURO
EHFRPHVRQHRISULRULWLHVLQVWURNHSUHYHQWLRQ3KDUPDFRORJLFDODQGVXUJLFDOWUHDWPHQW
RIK\SHUWHQVLRQKRZHYHUKDVKLJKGUXJFRVWDQGWKHULVNRIDGYHUVHHIIHFWVDQGKHQFH
WKHUHLVDQHHGWRDVVHVVWKHORQJWHUPEHQHILWVRIYDULRXVOLIHVW\OHPRGLILFDWLRQ
LQWHUYHQWLRQVDVDPEXODWRU\DOWHUQDWLYHVWRSKDUPDFRORJLFDODQGLQYDVLYHWKHUDSLHV
$PRQJOLIHVW\OHPRGLILFDWLRQLQWHUYHQWLRQVDLPHGDWEORRGSUHVVXUHFRQWURO
PLQGIXOQHVVWKHUDSLHVLQFOXGLQJWUDQVFHQGHQWDOPHGLWDWLRQDQGPLQGIXOQHVVEDVHGVWUHVV
UHGXFWLRQKDYHEHHQVKRZQWREHHIIHFWLYHLQORZHULQJERWKV\VWROLFEORRGSUHVVXUH
DQGGLDVWROLFEORRGSUHVVXUHDPRQJSHRSOHZLWKK\SHUWHQVLRQRUSUHK\SHUWHQVLRQDV
ZHOODVWKH³KDUG´RXWFRPHRIPRUWDOLW\0HGLWDWLRQLQWHUYHQWLRQDVDORZFRVWQRQ
LQYDVLYHDQGQRQSKDUPDFRORJLFDODSSURDFKKROGVSURPLVHIRUUHGXFLQJWKHEXUGHQRI
LOOQHVVIURPFDUGLRYDVFXODUGLVHDVHV+RZHYHUDVWXG\RIWZHQW\QLQHLQWHJUDWLYH
PHGLFLQHFHQWHUVDQGSURJUDPVDFURVVWKH8QLWHG6WDWHVIRXQGWKDWDPRQJDOOLQWHJUDWLYH
PHGLFLQHWKHUDSLHVWKHVHPLQGERG\DSSURDFKHVDUHWKHOHDVWUHLPEXUVHGE\LQVXUHUVDQG
PRVWRIVXFKVHUYLFHVZHUHSDLGIRUE\FDVKIURPWKHSDWLHQWVZKLFKVLJQDOVDSRVVLEOH
PLVVHGRSSRUWXQLW\WRORZHUWKHEXUGHQRILOOQHVVIURPFDUGLRYDVFXODUGLVHDVHV7KXVD
PRGHOEDVHGH[SORUDWLRQDERXWWKHORQJWHUPEHQHILWVDQGFRVWHIIHFWLYHQHVVRI
PHGLWDWLRQLQWHUYHQWLRQDWWKHSRSXODWLRQOHYHOFRXOGKHOSXVEHWWHUXQGHUVWDQGWKH


EHQHILWVRILQFUHDVLQJPHGLWDWLRQLQWHUYHQWLRQDPRQJSHRSOHZLWKHOHYDWHGULVNIRU
FDUGLRYDVFXODUGLVHDVHV
5RWWHUGDPLVFKHPLFKHDUWGLVHDVHDQGVWURNHFRPSXWHUVLPXODWLRQ5,6&PRGHO
ZDVGHYHORSHGE\XVLQJWKHGDWDIURPDIROORZXSRI\HDUVIURPWKH5RWWHUGDPVWXG\
ZKLFKLVDFRKRUWIROORZXSVWXG\RIDGXOWVDJHG\HDUVDQGROGHU7KLVPRGHOLV
D0RQWH&DUOR0DUNRYPRGHOGHVLJQHGWRLQYHVWLJDWHWKHHIIHFWVRIPRGLI\LQJWKH
FDUGLRYDVFXODUGLVHDVH&9'ULVNIDFWRUVRQWKHEXUGHQRI&9'7KHREVHUYHGYDOXHV
IHOOZLWKLQWKHFUHGLELOLW\LQWHUYDOVRIWKHVLPXODWHGYDOXHVFRQILUPLQJWKHLQWHUQDO
SUHGLFWLYHDQGH[WHUQDOYDOLGLW\RIWKHVLPXODWLRQPRGHOWKXVSURYLGLQJDEDVLVIRU
DQDO\]LQJWKHHIIHFWVRIPRGLI\LQJFDUGLRYDVFXODUGLVHDVHULVNIDFWRUE\DVLPXODWLRQ
PRGHO7KHLQWHUQDODQGSUHGLFWLYHYDOLGDWLRQVWDQGVIRUWKHYDOLGDWLRQGRQHXVLQJWKH
GDWDIURPWKHLQWHUQDOFRKRUWVWXG\RILQGLYLGXDOVZKLOHWKHH[WHUQDOYDOLGDWLRQ
PHDQVWKHYDOLGDWLRQZDVFRPSOHWHGXVLQJWKHH[WHUQDOGDWDIURPDQ(3,&1RUIRONVWXG\
ZKLFKLVDQFRKRUWVWXG\RILQGLYLGXDOV$FRPSXWHUVLPXODWLRQPRGHOZDV
GHVLJQHGIRUWKHFRVWHIIHFWLYHQHVVDQDO\VLVRIFDUGLRYDVFXODUGLVHDVHSUHYHQWLRQ7KLV
PRGHOPDNHVLWSRVVLEOHWRFRPSDUHWKHFRVWHIIHFWLYHQHVVRIGLIIHUHQWLQWHUYHQWLRQV7KH
PRGHOKRZHYHUZDVGHYHORSHGLQDYHU\JHQHUDOVHQVHWKXVODFNLQJDIRFXVHG
LQWHUYHQWLRQDQGLWVFRVWHIIHFWLYHQHVV
,QWKLVVWXG\ZHGHYHORSDVLPXODWLRQPRGHOWRTXDQWLI\WKHSUHYHQWLRQSRWHQWLDO
RI PLQGIXOQHVV PHGLWDWLRQ LQWHUYHQWLRQ RQ VWURNH WUHQGV LQ WKH 8QLWHG 6WDWHV 2XU
FDOLEUDWLRQ RI WKH VLPXODWLRQ PRGHO LV EDVHG XSRQ GDWD IURP WKH &HQWHUV IRU 'LVHDVH
&RQWURODQG3UHYHQWLRQ&'&¶VRQOLQHTXHU\V\VWHPRI³XQGHUO\LQJFDXVHVRIGHDWK´


DQGPRGHOSDUDPHWHUVDUHGUDZQIURPGRFXPHQWHGHYLGHQFHDERXWPHGLWDWLRQDQGKHDOWK
RXWFRPHV:HWKHQH[SORUHWKHFRPSDUDWLYHHIIHFWLYHQHVVRIPHGLWDWLRQLQWHUYHQWLRQVE\
H[DPLQLQJ LWV ORQJWHUP FRVWHIIHFWLYHQHVV UDWLR DW WKH SRSXODWLRQ OHYHO WR IDFLOLWDWH D
UHOHYDQW FRPSDULVRQ ZLWK RWKHU SUHYHQWLRQ LQWHUYHQWLRQV GHVLJQHG WR LPSURYH WKH
FDUGLRYDVFXODUKHDOWKRIWKHSRSXODWLRQ
2XUVLPXODWLRQPRGHOPDLQO\FRQVLVWRISURGXFLQJWKHWUHQGRIVWURNHVREVHUYHG
IURPWRDVJLYHQE\WKHREVHUYHGGDWDE\WKH&'&DQGIRUHFDVWLQJLWIRUWKH
QH[WILIWHHQ\HDUVWRJHWDUHDVRQDEOHWUHQGRIVWURNHVLQWKHIXWXUH0LQGIXOQHVV
PHGLWDWLRQFRXOGEHGHILQHGDVWKHLQWHQWLRQDODFFHSWLQJDQGQRQMXGJPHQWDOIRFXVRI
RQH
VDWWHQWLRQRQWKHHPRWLRQVWKRXJKWVDQGVHQVDWLRQVRFFXUULQJLQWKHSUHVHQWPRPHQW
7KLVUHVHDUFKDOORZVXVWRREVHUYHDQGH[DPLQHWKHWUHQGIRUVWURNHPRUWDOLW\DQGVWURNH
LQFLGHQFHV7KLVUHVHDUFKDOVRH[SORUHVRQHRIWKHPDLQFDXVHVV\VWROLFEORRGSUHVVXUH
DQGWULHVWRILQGDQDOWHUQDWLYHOLIHVW\OHFKDQJHVROXWLRQIRULWVUHGXFWLRQ$ORQJVLGHWKDW
DJHLVDQRWKHUULVNIDFWRUZKLFKLVFRQVLGHUHGLQWKLVUHVHDUFK


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
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
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

:HFUHDWHGDVLPXODWLRQPRGHOWRUHSUHVHQWDSRSXODWLRQRILQGLYLGXDOVZKHUHWKH
HYROXWLRQRIHDFKLQGLYLGXDOLVJRYHUQHGE\DPLFURVLPXODWLRQPRGHO$VLPXODWLRQ
PRGHOUHIHUVWRDVHWRIG\QDPLFPDWKHPDWLFDOHTXDWLRQVXVHGWRJHQHUDWHDSDWWHUQRI
REVHUYHGGDWD$PLFURVLPXODWLRQPRGHOLVDQDJHQWEDVHGPRGHOZKLFKJHQHUDWHVWKH
VWURNHLQFLGHQFHVIRUHDFKLQGLYLGXDODWDWLPH7KHFHQVXV\HDUZDVFKRVHQDVWKH
VWDUW\HDURIWKHVLPXODWLRQEHFDXVHWKHGDWDIRUWKHVWURNHPRUWDOLW\LVDYDLODEOHRQO\
IURPWKH\HDUDQGRQZDUGV:HVLPXODWHWKHELUWKVDQGGHDWKVIRUHDFKLQGLYLGXDOWR
FUHDWHDWRWDOSRSXODWLRQWKDWUHVHPEOHVWKHDJHDQGV\VWROLFEORRGSUHVVXUH6%3
VWUXFWXUHRIWKH86SRSXODWLRQ,QHDFKFDOHQGDU\HDURQHRIWKUHHPDMRUVWRFKDVWLFHYHQWV
RFFXUVLQWKHPRGHOLHDFKVLPXODWHGLQGLYLGXDOPD\GLHGXHWRQRQVWURNHUHODWHG
FDXVHVDFFRUGLQJWRDSUREDELOLW\ZKLFKLVFDOFXODWHGIRUHDFKDJHJURXSLLKHVKHPD\
GLHGXHWRVWURNHZLWKDSUREDELOLW\FDOFXODWHGEDVHGRQDQDGDSWHG&R[KD]DUGPRGHO
FRPSULVLQJDJHV\VWROLFEORRGSUHVVXUHDQGWKHFDOHQGDU\HDULLLKHVKHPLJKWVXUYLYH
WKH\HDUDQGWKHQPRYHVRQWRWKHQH[WFDOHQGDU\HDU
:HVWDUWHGWKHVLPXODWLRQRIWKH86SRSXODWLRQLQWKHFHQVXV\HDURIDQG
FDOLEUDWHGWKHPRGHOE\FRPSDULQJWKHQXPEHURIVWURNHUHODWHGGHDWKVJHQHUDWHGE\WKH
PRGHOZLWKWKDWREVHUYHGLQKLVWRULFDOGDWDIURPWR&DOLEUDWLRQRIWKHPRGHO
LVDFKLHYHGE\DGDSWLQJWKHFRHIILFLHQWVRIWKH&R[HTXDWLRQ7KHRULJLQDO&R[HTXDWLRQLV


GHYHORSHGE\3KLOLSHWDODQGSURYLGHVDVLPSOHIRUPXODIRUHVWLPDWLQJWKHSUREDELOLW\RI
VWURNHIRUVSHFLILHGOHYHOVRIULVNIDFWRUV7KH&R[HTXDWLRQPDLQO\LQFOXGHVWKUHH
SDUDPHWHUV6%3DJHDQGDFRQVWDQW:HDGDSWHGWKHPRGHOE\FKDQJLQJWKHFRQVWDQW
WHUPWRILWWKHGDWD7KHQZHXVHGWKHPRGHOWRSUHGLFWWKHLPSDFWRIPHGLWDWLRQ
LQWHUYHQWLRQRQVWURNHPRUWDOLW\LQWKH86SRSXODWLRQRYHUDFRXUVHRIILIWHHQ\HDUV
WKURXJK:HPRGHOHGWKHDWWHQGDQFHUDWHIRUPHGLWDWLRQLQWHUYHQWLRQDPRQJ
LQGLYLGXDOVDVUHVHDUFKVKRZVWKDWQRWHYHU\ERG\UHFHLYLQJDPHGLWDWLRQLQWHUYHQWLRQ
FKRRVHVWRDWWHQGWKHWHDFKLQJVHVVLRQVDQGZHDVVXPHWKDWWKHVHSHRSOHGRQRWEHQHILW
IURPPHGLWDWLRQ2XUPRGHODOVRVLPXODWHVWKHDGKHUHQFHUDWHWRWKHPHGLWDWLRQ
LQWHUYHQWLRQLQHDFKFDOHQGDU\HDUVLPXODWHGDQGZHDVVXPHWKDWWKHEORRGSUHVVXUHJRHV
EDFNXSWRLWVQDWXUDOOHYHOLQWHUYHQWLRQIUHHRQFHWKHLQGLYLGXDOFKRRVHVQRWWRDGKHUH
WRWKHSUDFWLFHLQDJLYHQ\HDU1H[WZHHODERUDWHRQPLFURVLPXODWLRQDQGSRSXODWLRQ
VLPXODWLRQPRGHOGHYHORSPHQW


2YHUYLHZRI0LFUR6LPXODWLRQ0RGHO


7KHSRSXODWLRQPRGHOLVEDVHGRQDQLQGLYLGXDOEDVHGPLFURVLPXODWLRQWKDW
UHSOLFDWHVWKHSUREDELOLVWLFG\QDPLFVRIVWURNHLQDQLQGLYLGXDO¶VOLIHFRXUVH3UREDELOLVWLF
G\QDPLFVRIWKHVWURNHLVWKHSUREDELOLW\RIHLWKHUKDYLQJRUQRWKDYLQJDVWURNHIRUDQ
LQGLYLGXDODWDQ\JLYHQSRLQWRIWLPH7KHPRGHOWUDFNVWKHDJHDQG6%3RIDQLQGLYLGXDO
RQD\HDUO\EDVLV:KLOHDJHLQFUHDVHVE\RQHIRUHDFKFDOHQGDUGHWHUPLQLVWLFDOO\6%3
FKDQJHVRYHUWLPHEDVHGRQDJHJURXSVLHZHXSGDWHWKH6%3RIDQLQGLYLGXDOGXHWR
DJLQJDFFRUGLQJWRWKHSDWWHUQVREVHUYHGLQWKHOLWHUDWXUH$OLJQHGZLWKOLWHUDWXUHZH


GLVFUHWL]HGDJHLQWRVL[DJHJURXSVQDPHO\DQG!
\HDUVUHVSHFWLYHO\IRU6%3XSGDWHV7KHSURJUHVVLRQRIHDFKLQGLYLGXDODWDWLPHSHULRG
LVEDVHGRQWKHIROORZLQJWKUHHVWRFKDVWLFHYHQWV
)LUVWDQLQGLYLGXDOPD\GLHGXHWRQRQVWURNHUHODWHGFDXVHV1RQVWURNHUHODWHG
FDXVHVLQFOXGHHYHU\RWKHUFDXVHRIGHDWKH[FHSWRQO\GHDWKVGXHWRVWURNHV:H
HVWLPDWHGWKHSUREDELOLW\RIGHDWKLQHDFKDJHJURXSIURPWKHOLIHWDEOH7DEOH$ZKLFK
SURYLGHVDGLUHFWUHODWLRQEHWZHHQDJHDQGSUREDELOLW\RIGHDWK)RUH[DPSOHIRUD
JLYHQDJHRI\HDUVWKHSUREDELOLW\RIGHDWKLV/LIHH[SHFWDQF\LVXVHGWR
FRQILUPWKDWWKHPRGHOUHSOLFDWHVWKHGHVLUHGRXWFRPHV/LIHH[SHFWDQF\PHDQVWKDWIRU
DQ\JLYHQDJHLQ\HDUVZKDWLVWKHDYHUDJHSHULRGRI\HDUVWKHLQGLYLGXDOPD\OLYHZKLFK
LVDOVRREWDLQHGIURPWKHOLIHWDEOH)RUH[DPSOHIRUDJLYHQDJHRI\HDUVWKHOLIH
H[SHFWDQF\LV\HDUVPHDQLQJWKDWWKHLQGLYLGXDOZLOOGLHZKHQKHVKHLV\HDUV
ROG
6HFRQGDQLQGLYLGXDOPD\H[SHULHQFHDVWURNHZLWKDSUREDELOLW\ZKLFKLV
FDOFXODWHGEDVHGRQDYDOLGDWHG&R[KD]DUGPRGHO7KH&R[KD]DUGPRGHOHTXDWLRQ
FRQVWLWXWHVRIWKUHHPDLQSDUWVQDPHO\WKHDJHWKH6%3DQGDFRQVWDQW7KH&R[KD]DUG
PRGHOHTXDWLRQLQRXUPRGHOLVDJH6%3ZKHUHLVWKH
FRHIILFLHQWRIWKHYDULDEOHDJHLVWKHFRHIILFLHQWRIWKHYDULDEOH6%3DQGLV
WKHFRQVWDQW7KHUHVSHFWLYHFRHIILFLHQWVLQWKHDERYHHTXDWLRQZHUHFRPSXWHGEDVHGRQD
WULDODQGHUURUIRFXVHGRQWKHVXFFHVVIXOFDOLEUDWLRQRIWKHPRGHO+RZHYHUVLQFHZHXVHG
DJHDQG6%3DVULVNIDFWRUVLQFDOFXODWLQJWKHSUREDELOLW\RIVWURNHZHDGDSWHGWKH
HTXDWLRQDQGFDOLEUDWHGWKHPRGHODFFRUGLQJO\7KLVQHFHVVDULO\PHDQVWKDWWKHHTXDWLRQ


GHULYHGIURPWKHRULJLQDO&R[KD]DUGPRGHOIRUSUREDELOLW\RIVWURNHFRQWDLQVPRUHWKDQ
WKHDERYHPHQWLRQHGWZRYDULDEOHVEXWWKHWZRPRVWVLJQLILFDQWRIWKHPDUHWKHDJHDQG
6%3LQWKHHTXDWLRQ
$IWHUILQDOL]LQJWKHFRHIILFLHQWVRIWKHYDULDEOHVWKHSUREDELOLW\RIKDYLQJDVWURNH
LVFDOFXODWHGLQWKHIROORZLQJVWHSVLFDOFXODWHWKHYDOXHRIWKHUDQGRPYDULDEOHµ/¶
ZKLFKHTXDOVWKHYDOXHFDOFXODWHGXVLQJWKHDERYHPHQWLRQHGHTXDWLRQIRUDQ\JLYHQ
YDOXHVRIDJHDQG6%3DWDJLYHQWLPH7KHHTXDWLRQLVVWDWHGDV/ DJH
6%3LLDIWHUFDOFXODWLQJWKHYDOXHRI/ZHVXEWUDFWIURPLWDQG
VWRUHLWLQDQRWKHUYDULDEOHVD\µ$¶KHQFH$ /±7KHYDOXHLVEDVHGRQ
WKHPHDQYDOXHVIRUDJHDQG6%3FDOFXODWHGE\XVLQJWKLVPHDQYDOXHVLQWKH&R[KD]DUG
HTXDWLRQ7KHPHDQYDOXHIRUDJHLVFRQVLGHUHGDVDQGIRU6%3DVIRUPWKH
OLWHUDWXUHZKLFKLVXVHGLQWKH&R[KD]DUGHTXDWLRQLLLWKHQH[WVWHSLQYROYHVWDNLQJ
WKHH[SRQHQWLDORIWKHYDOXH$ZKLFKLVVWRUHGLQWKHYDULDEOHµ%¶LYDIWHUWDNLQJWKH
H[SRQHQWLDOZHFDOFXODWHDYDOXHZKLFKHTXDOVWRWKHSRZHU%Y)LQDOO\ZH
VXEWUDFWWKHFDOFXODWHGYDOXHLQWKHVWHSLYIURPDQGWKHDQVZHULVWKHILQDO
SUREDELOLW\RIVWURNHIRUWKDWLQGLYLGXDODWWKDWFDOHQGDU\HDU7KLVSUREDELOLW\RIVWURNHLV
WKHQXVHGWRGHFLGHZKHWKHUWKHSHUVRQKDVDVWURNHRUQRW7KLVLVGRQHE\FRPSDULQJWKH
FDOFXODWHGSUREDELOLW\RIVWURNHZLWKDUDQGRPQXPEHUJHQHUDWHGEHWZHHQ]HURDQGRQH
,IWKHUDQGRPQXPEHUJHQHUDWHGLVJUHDWHUWKDQWKHSUREDELOLW\RIVWURNHWKHQWKH
LQGLYLGXDOGRHVQ¶WKDYHDVWURNHDQGPRYHVWRWKHQH[W\HDUDQGKLVDJHLVLQFUHPHQWHGE\
RQH,IWKHUDQGRPQXPEHUJHQHUDWHGLVOHVVWKDQWKHSUREDELOLW\RIVWURNHWKHLQGLYLGXDO


KDVDVWURNH7KHQZHFKHFNZKHWKHUWKHSHUVRQGLHVGXHWRVWURNHRUKHVKHGRHVQ¶W
ZKLFKLVH[SODLQHGLQWKHWKLUGVWHSEHORZ
7KLUGLIDQLQGLYLGXDOH[SHULHQFHVDVWURNHKHVKHPD\GLHGXHWRVWURNH
DFFRUGLQJWRDSUREDELOLW\WKDWGHSHQGVRQKLVKHUDJHJURXS7KHSUREDELOLW\RIGHDWKLQ
DQ\DJHJURXSLVFDOFXODWHGEDVHGRQWKHWRWDOQXPEHURIGHDWKLQWKDWDJHJURXSDQGWRWDO
QXPEHURISHRSOHLQWKHDJHJURXSLQ7KLVSUREDELOLW\LVWKHQIL[HGIRUHYHU\RWKHU
\HDUWLOOWKHHQGRIWKHVLPXODWLRQ7KHIRUPXODIRUFDOFXODWLQJWKHSUREDELOLW\RIG\LQJ
GXHWRVWURNHLVJLYHQE\்௢௧௔௟௡௨௠௕௘௥௢௙ௗ௘௔௧௛ௗ௨௘௧௢௦௧௥௢௞௘௜௡௧௛௔௧௔௚௘௚௥௢௨௣்௢௧௔௟௣௢௣௨௟௔௧௜௢௡௜௡௧௛௘௔௚௘௚௥௢௨௣௪௛௢௛௔ௗ௦௧௥௢௞௘ ሻ
2QFHWKHSUREDELOLW\RIGHDWKGXHWRVWURNHLVFDOFXODWHGLWLVFRPSDUHGZLWKD
UDQGRPSUREDELOLW\JHQHUDWHGEHWZHHQ]HURDQGRQH,IWKHUDQGRPSUREDELOLW\LVOHVVWKDQ
WKHSUREDELOLW\RIGHDWKGXHWRVWURNHWKHQWKHSHUVRQGLHVGXHWRVWURNHDQGKHLVUHPRYHG
IURPWKHVLPXODWLRQDIWHUFROOHFWLQJRIDOOWKHVWDWLVWLFVUHODWHGWRWKHLQGLYLGXDO
7RFDOLEUDWHWKHPLFURVLPXODWLRQPRGHOZHFRPSDUHGWKHQXPEHURIVWURNH
LQFLGHQFHVSURGXFHGE\WKHPRGHOZLWKWKDWREVHUYHGIURPKLVWRULFDOGDWDLQWKH86
3XUVXDQWWRWKLVJRDOZHFUHDWHGWKH86SRSXODWLRQLQUDQWKHVLPXODWLRQPRGHOIRU
D\HDUDQGFRPSXWHGWKHWRWDOQXPEHURIVWURNHLQFLGHQFHVLQHDFKJURXS7KLVFRPSXWHG
LQFLGHQFHVZHUHFRPSDUHGWRWKHDFWXDOREVHUYHGGDWDDQGWKURXJKWKHSURFHVVRIWULDODQG
HUURUWKHPRGHOZDVFDOLEUDWHGVHH)LJXUH
 






)LJXUH&DOLEUDWLRQRIPLFURVLPXODWLRQPRGHO

1RWH)LJXUHVKRZVWKHWUHQGJHQHUDWHGE\WKHPRGHODVZHOODVWKHRULJLQDOH[SHFWHGWUHQGIRUWKH
VWURNHLQFLGHQFHV
:HIXUWKHUYDOLGDWHGWKHPRGHOE\FRPSDULQJWKHVWURNHPRUWDOLW\LQHDFKDJH
JURXSUHSRUWHGLQKLVWRULFDOGDWDZLWKWKDWJHQHUDWHGE\WKHPRGHO)RUWKHYDOLGDWLRQ
SURFHVVWKHWHUPVWURNHPRUWDOLW\VWDQGVIRUWKHWRWDOQXPEHURIGHDWKVLQHDFKDJHJURXS
ZKLFKLVFRPSDUHGZLWKWKHDFWXDOREVHUYHGVWURNHPRUWDOLW\7KHPRGHOZDV
DXWRPDWLFDOO\YDOLGDWHGIRUWKHVWURNHPRUWDOLW\PHDQLQJWKHWUHQGIRUWKHVWURNHPRUWDOLW\
DVREVHUYHGLQWKHKLVWRULFDOGDWDLVYHU\FORVHWRWKHPRGHOJHQHUDWHGWUHQGDVVHHQLQ
)LJXUH7KHYDOLGDWLRQSURFHVVLQFUHDVHVWKHFRQILGHQFHRQUHOLDELOLW\RIWKHPRGHOLQ
JHQHUDWLQJUHVXOWVUHSUHVHQWLQJWKHUHDOWUHQGV
Ϭ
ϱϬϬϬϬ
ϭϬϬϬϬϬ
ϭϱϬϬϬϬ
ϮϬϬϬϬϬ
ϮϱϬϬϬϬ
ϯϬϬϬϬϬ
ϯϱϬϬϬϬ
ϰϬ ϱϬ ϲϬ ϳϬ ϴϬ ϵϬ ϭϬϬ
^ƚ
ƌŽ
ŬĞ
/Ŷ
ĐŝĚ
ĞŶ
ĐĞ
Ɛ
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




)LJXUH9DOLGDWLRQRIPLFURVLPXODWLRQPRGHO


1RWH)LJXUHVKRZVWKHWUHQGJHQHUDWHGIRUWKHPRGHODVZHOODVWKHRULJLQDOH[SHFWHGWUHQGIRUWKH
VWURNHPRUWDOLW\:HXVHGGDWDIURPIRUWKHPRGHOFDOLEUDWLRQ


,QRUGHUWRFDSWXUHWKHUHDOOLIHLPSDFWRIPLQGIXOQHVVPHGLWDWLRQRQLQGLYLGXDOV
ZHVLPXODWHGWZRPRUHFKDUDFWHULVWLFVIRUHDFKLQGLYLGXDODWWHQGDQFHDQGDGKHUHQFHWR
PLQGIXOQHVVPHGLWDWLRQSUDFWLFH:HGHILQHDWWHQGDQFHUDWHDVWKHSUREDELOLW\WKDWDQ
LQGLYLGXDOHYHUDWWHQGVDPLQGIXOQHVVPHGLWDWLRQSURJUDPGXULQJWKHFRXUVHRIKLVKHU
OLIH'XHWRODFNRIVLJQLILFDQWHYLGHQFHIRUWKHDWWHQGDQFHUDWHRIPLQGIXOQHVVPHGLWDWLRQ
LQWKH86ZHDVVXPHWKDWWKHDWWHQGDQFHUDWHRILQGLYLGXDOVIROORZVDQRUPDOGLVWULEXWLRQ
ZLWKPHDQDQGVWDQGDUGGHYLDWLRQ:HWUXQFDWHGWKHQRUPDOGLVWULEXWLRQVRI
WKHVHUDWHVDWDQGDQGZHDVVXPHWKDWDWWHQGDQFHUDWHVGRQRWFKDQJHRYHUWLPH
Ϭ
ϭϬϬϬϬ
ϮϬϬϬϬ
ϯϬϬϬϬ
ϰϬϬϬϬ
ϱϬϬϬϬ
ϲϬϬϬϬ
ϰϬ ϱϬ ϲϬ ϳϬ ϴϬ ϵϬ ϭϬϬ
^ƚ
ƌŽ
ŬĞ
D
Žƌ
ƚĂ
ůŝƚ
Ǉ
ŐĞ
dƌĞŶĚ'ĞŶĞƌĂƚĞĚďǇDŽĚĞů
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

:HGHFLGHZKHWKHUDSHUVRQDWWHQGVWKHPLQGIXOQHVVPHGLWDWLRQLQWHUYHQWLRQDW
WKHYHU\VWDUWZKHQWKHSHUVRQLVMXVWLQWURGXFHGLQWRWKHVLPXODWLRQ7KHIROORZLQJIHZ
VWHSVDUHWREHIROORZHGWRGHFLGHLIDSHUVRQDWWHQGVRUGRHVQRWDWWHQGWKHLQWHUYHQWLRQ
SUDFWLFHL&DOFXODWHDUDQGRPSUREDELOLW\EHWZHHQ]HURDQGRQHLL&DOFXODWHWKH
SUREDELOLW\RIDWWHQGLQJWKHPLQGIXOQHVVPHGLDWLRQLQWHUYHQWLRQE\XVLQJWKH
DERYHPHQWLRQHGQRUPDOGLVWULEXWLRQLLL&RPSDUHWKHUDQGRPSUREDELOLW\JHQHUDWHG
ZLWKWKHFDOFXODWHGSUREDELOLW\RIDWWHQGDQFHDQGLIWKHUDQGRPSUREDELOLW\LVVPDOOHUWKDQ
WKHFDOFXODWHGSUREDELOLW\RIDWWHQGDQFHWKHQWKHSHUVRQZLOODWWHQGWKHPLQGIXOQHVV
PHGLDWLRQLQWHUYHQWLRQ7KHPLQGIXOQHVVPHGLDWLRQLQWHUYHQWLRQHIIHFWLVFRQVLGHUHGIRUD
SHUVRQRQO\ZKHQKHWXUQVDJHRUKLJKHU
$OVRZHGHILQHDGKHUHQFHDVWKHSUREDELOLW\WKDWDQLQGLYLGXDOZKRKDVDOUHDG\
DWWHQGHGDPLQGIXOQHVVPHGLWDWLRQSURJUDPFRPSOLHVZLWKWKHLQWHUYHQWLRQ:HDVVXPH
WKDWWKHDGKHUHQFHRILQGLYLGXDOVIROORZVDQRUPDOGLVWULEXWLRQZLWKPHDQDQG
VWDQGDUGGHYLDWLRQ:HDOVRWUXQFDWHGWKHQRUPDOGLVWULEXWLRQVRIWKLVUDWHDW
DQGVDPHDVWKHDWWHQGDQFHUDWHDQGZHDOVRDVVXPHWKDWDGKHUHQFHUDWHGRHVQRW
FKDQJHRYHUWLPH%DVHGXSRQRXUPHWDUHJUHVVLRQRIPHGLWDWLRQ¶VLPSDFWRQEORRG
SUHVVXUHDQGSDWLHQWDJHZHDVVXPHWKDWLIDQLQGLYLGXDODWWHQGVDPLQGIXOQHVV
PHGLWDWLRQDQGFRPSOLHVZLWKLWLQDSHULRGKLVKHU6%3UHGXFWLRQZLOOIROORZDQDJH
GHSHQGHQWGRVDJH+RZHYHULIDQLQGLYLGXDOGRHVQRWFRPSO\ZLWKWKHLQWHUYHQWLRQLQD
SHULRGKLVKHU6%3UHWXUQVWRLWVQDWXUDO6%3OHYHO,QRUGHUWRKDYHWKHQDWXUDO6%3RI
HDFKLQGLYLGXDOLQDOOWLPHSHULRGVZHNHHSWUDFNRIWKH6%3SURJUHVVLRQRIHDFK
LQGLYLGXDOLQDQLQWHUYHQWLRQIUHHVHWWLQJ7KHGHFLVLRQDVWRZKRDGKHUHVWRWKH


LQWHUYHQWLRQIROORZVWKHVDPHH[DFWZD\DVWKHDWWHQGDQFHIRUWKHLQWHUYHQWLRQE\MXVW
FKDQJLQJWKHDWWHQGDQFHUDWHLQWKHVWHSVE\DGKHUHQFHUDWH


2YHUYLHZRI3RSXODWLRQ6LPXODWLRQ0RGHO


:HH[WHQGWKHLQGLYLGXDOPLFURVLPXODWLRQPRGHOGHVFULEHGDERYHE\UXQQLQJ
PXOWLSOHXQLTXHVLPXOWDQHRXVFRSLHVRIWKHPRGHOWRUHSUHVHQWDSRSXODWLRQRI
LQGLYLGXDOVDQGWRVLPXODWHWKHHIIHFWRIDSSO\LQJDYDULHW\RILQWHUYHQWLRQVFHQDULRV
:KDWPDNHVHYHU\\HDUXQLTXHLVWKDWWKHVWDUWLQJSRSXODWLRQIRUHYHU\\HDURIWKH
LWHUDWLRQLVEDVHGRQWKHHQGLQJSRSXODWLRQRIWKHODVW\HDU,QDGGLWLRQWRWKHSRSXODWLRQ
ZHDGGQHZLQGLYLGXDOVDWHDFKDJHSHULRGWRWKHILUVWDJHJURXSRIWKHSRSXODWLRQLH
WKHDJHJURXS:HVHWWKHELUWKUDWHWRZKLFKLVWKHUDWHREVHUYHGLQWKH86
RYHUWKHSDVWWZRGHFDGHV7KHELUWKUDWHLVNHSWWKHVDPHIRUHYHU\\HDUWKURXJKWKH
VLPXODWLRQZKLFKQHFHVVDULO\GRHVQRWPHDQWKDWWKHPRGHODGGVWKHVDPHFRQVWDQW
QXPEHURISHRSOHHYHU\WLPHVLQFHWKHSRSXODWLRQDGGHGLQWRWKHDJHJURXS
IROORZVD%LQRPLDOGLVWULEXWLRQ:HFRQVLGHUWKHLQWHJUDOH[SHFWHGYDOXHRIWKLV
GLVWULEXWLRQE\PXOWLSO\LQJWKHELUWKUDWHZLWKWKHWRWDOSRSXODWLRQRIWKHSUHYLRXV\HDU
$WHDFKWLPHSHULRGWKHPLFURVLPXODWLRQPRGHOVLPXODWHVWKHSUREDELOLW\RI
KDYLQJDVWURNHHYHQWIRUHDFKLQGLYLGXDOLQWKHSRSXODWLRQ7KHPRGHOLVWKHUHIRUHDEOH
WRSURGXFHWKHQXPEHURIVWURNHLQFLGHQFHVDQGPRUWDOLW\DVZHOODVOLIHH[SHFWDQF\:H
XVHGWKHSRSXODWLRQVLPXODWLRQPRGHOWRHVWLPDWHWKHQXPEHURIVWURNHLQFLGHQFHVDQG
PRUWDOLW\IRUWKHQH[WILIWHHQ\HDUVDQGLQYHVWLJDWHGWKHLPSDFWRILPSOHPHQWLQJDYDULHW\
RIPLQGIXOQHVVPHGLWDWLRQLQWHUYHQWLRQVRQVWURNHWUHQGV


7RFDOLEUDWHWKHSRSXODWLRQVLPXODWLRQPRGHOZHILUVWFUHDWHGWKH86SRSXODWLRQ
JUHDWHUWKDQ\HDUVROGLQDFFRUGLQJWRWKHVDPHDJHDQG6%3GLVWULEXWLRQ
REVHUYHGLQWKHGDWD7KLVQHFHVVDULO\PHDQVWKDWDSRSXODWLRQŽĨSHRSOHLV
ILUVWFUHDWHG7KHGLIIHUHQFHEHWZHHQWKHPLFURVLPXODWLRQPRGHODQGWKHSRSXODWLRQ
PRGHOLVWKDWLQPLFURVLPXODWLRQPRGHOZHVLPXODWHWKHSRSXODWLRQIRU\HDUE\RQH
LQGLYLGXDODWDWLPHZKLOHLQWKHSRSXODWLRQPRGHOZHJHQHUDWHDOOWKHSHRSOHIRU\HDU
FRQFXUUHQWO\DQGWKHQWKHSURJUHVVLRQRIHDFKLQGLYLGXDOLVJRYHUQHGE\WKHPLFUR
VLPXODWLRQPRGHO
:HUHSHDWHGWKHDERYHPHQWLRQHGVWHSVIRUDOOWKH\HDUVWLOODQGJDWKHUHGWKH
VWDWLVWLFVUHODWHGWRWKHVWURNHLQFLGHQFHVDQGVWURNHPRUWDOLW\7KHQZHFRPSDUHGWKH
QXPEHURIVWURNHUHODWHGGHDWKVIURPWRJHQHUDWHGE\WKHPRGHOZLWKWKDWRI
WKHREVHUYHGVWDWLVWLFVLQWKHKLVWRULFDOGDWD$GHFUHDVLQJWUHQGH[LVWVLQWKHVWURNH
PRUWDOLW\DIWHUWKH\HDU7KLVZDVODWHUH[SODLQHGZLWKWKHKHOSRIOLWHUDWXUHUHYLHZ
WKDWDGUXJQDPHGVWDWLQZDVLQWURGXFHGLQWKHODWH¶V:HFRQVLGHUHGWKHLPSDFWRI
VWDWLQRQ6%3DQGFRQVHTXHQWO\RQVWURNHWUHQGVVLQFHWKHUHLVHYLGHQFHWKDWVWDWLQKDV
KDGDVLJQLILFDQWLPSDFWRQVWURNHWUHQGVDIWHU)RUH[DPSOHDUDQGRPL]HGWULDO
FRQFOXGHGWKDWUHGXFWLRQVLQWKHV\VWROLFDQGGLDVWROLFEORRGSUHVVXUHRFFXUUHGZLWKWKH
XVHRIVWDWLQDQGWKHVHPRGHVWHIIHFWVPD\FRQWULEXWHWRWKHUHGXFWLRQLQWKHULVNRIVWURNH
DORQJZLWKVRPHRWKHUFDUGLRYDVFXODUGLVHDVHV,QSDUWLFXODUWKH\VKRZHGWKDWWKHHIIHFW
RIVWDWLQLVVLJQLILFDQWLQSHRSOHZLWKDQHOHYDWHGEORRGSUHVVXUH:HDVVXPHWKDWWKH
SRSXODWLRQDERYH\HDUVRIDJHXVHVVWDWLQDIWHUDQGUHGXFHVWKHEORRGSUHVVXUHE\
PP+J


7KHPLQGIXOQHVVPHGLWDWLRQLQWHUYHQWLRQLVWKHQDSSOLHGWRLQGLYLGXDOVZLWKDJH
JUHDWHUWKDQ\HDUVDQG6%3JUHDWHUWKDQPPRI+J1RWHWKDWWKHPLQGIXOQHVV
PHGLWDWLRQLQWHUYHQWLRQFRXOGRQO\EHDSSOLHGWRLQGLYLGXDOVZKRKDYHDOUHDG\DWWHQGHG
WKHPLQGIXOQHVVPHGLWDWLRQSUDFWLFHVDQGDOVRDGKHUHWRLW,IDQLQGLYLGXDODGKHUHVWRWKH
PHGLWDWLRQLQWHUYHQWLRQWKH6%3RIWKHLQGLYLGXDOUHGXFHVJLYHQE\WKHHTXDWLRQ
 ൌ െͲǤͲͷͺ כ  െ ʹǤͳͶͻ
+HUHWKHDJHVWDQGVIRUWKHDJHRIWKHLQGLYLGXDODWWKDWSDUWLFXODULQVWDQFH,Q
SDUWLFXODUWKHHTXDWLRQLPSOLHVWKDWPRUHWKHDJHRIWKHLQGLYLGXDOJUHDWHUZLOOEHWKH
HIIHFWRIPLQGIXOQHVVPHGLWDWLRQZKLFKLVVXSSRUWHGE\WKHOLWHUDWXUH$SDUWIURPWKLV
PLQGIXOQHVVPHGLWDWLRQKDVVKRZQUHGXFWLRQLQ6%3DVKLJKDVPPRI+J
2QFHWKHLQWHUYHQWLRQLVDSSOLHGWKH6%3RIWKDWSDUWLFXODULQGLYLGXDOLVUHGXFHG
DQGWKHUHDIWHUWKH6%3LVXSGDWHGHYHU\\HDUDFFRUGLQJO\JLYHQWKDWWKHSHUVRQDGKHUHVWR
WKHLQWHUYHQWLRQHYHU\\HDU)RUH[DPSOHLIWKH6%3RIDSHUVRQLVPPRI+JDQGWKH
DJHLV\HDUVDQGKHDGKHUHVWRWKHLQWHUYHQWLRQWKHQWKH6%3ZLOOEHUHGXFHGEDVHGRQ
WKHHTXDWLRQJLYHQDERYHZKLFKZLOOFRPHGRZQWRPPRI+J1RZVD\IRU
LQVWDQFHWKHQH[W\HDUKHGRHVQRWDGKHUHWRWKHPLQGIXOQHVVPHGLWDWLRQLQWHUYHQWLRQ
WKHQKLVKHU6%3JRHVEDFNXSWRWKHQDWXUDO6%31DWXUDO6%3GHQRWHVWKH6%3RIDQ
LQGLYLGXDOZLWKRXWDQ\NLQGRILQWHUYHQWLRQHIIHFWRQLW
7KLVSURFHVVZRUNVLQWKHYHU\VDPHZD\DVSUHVFULSWLRQPHGLFLQHVZRXOGZRUN
)RUH[DPSOHLIDSHUVRQWDNHVPHGLFDWLRQWRUHGXFHWKH6%3WKHQKLVKHU6%3LV
FRQWUROOHGE\LWDVORQJDVKHVKHLVWDNLQJWKRVHPHGLFDWLRQVDVSUHVFULEHG,IKRZHYHU
WKHSHUVRQVWRSVWDNLQJWKHPHGLFDWLRQWKHQWKH6%3ZLOOVKRRWXS$OVRLIWKHSHUVRQ


GHFLGHVWRWDNHWKHPHGLFDWLRQDJDLQWKHQWKH6%3ZLOOGHFUHDVHWRWKHFRQWUROOHGVWDWH
DJDLQ3XUVXDQWWRWKLVJRDOLQGLYLGXDOVKDYHWZR6%3¶VDWDQ\JLYHQSRLQWRIWLPHLQWKH
VLPXODWLRQ2QHLVWKHQDWXUDO6%3ZKLFKLVWKHQRUPDO6%3ZLWKRXWDQ\LQWHUYHQWLRQV
DQGWKHRWKHULVWKHDFWXDO6%3ZKLFKLVWKH6%3DIWHUDSSO\LQJWKHLQWHUYHQWLRQ1RWHWKDW
WKHWZR6%3¶VDUHRQO\DVVLJQHGWRWKRVHLQGLYLGXDOVZKRDWWHQGHGWKHPLQGIXOQHVV
PHGLWDWLRQLQWHUYHQWLRQ)RUWKRVHLQGLYLGXDOZKRGRQRWDWWHQGDQ\NLQGRIPLQGIXOQHVV
PHGLWDWLRQLQWHUYHQWLRQZHNHHSWUDFNRIQDWXUDO6%3RQO\
$IWHUDOOWKHFRPSXWDWLRQVWKHVWDWLVWLFVUHODWLQJWRHDFKSHUVRQDUHUHFRUGHG
7KHVHVWDWLVWLFVPDLQO\LQFOXGHZKDWLVWKHILQDODJHKRZPDQ\\HDUVWKHSHUVRQOLYHG
GLGWKHLQGLYLGXDOVXIIHUDQ\VWURNHVLQKLVOLIHDQGLI\HVWKHQKRZPDQ\ZKDWZDVWKH
UHDVRQRIWKHGHDWKRIWKHLQGLYLGXDOZKHWKHULWZDVEHFDXVHRIVWURNHRUEHFDXVHRIWKH
UHDVRQVRWKHUWKDQVWURNHV$OOWKLVDUHUHFRUGHGIRUHYHU\LQGLYLGXDOLQWKHSRSXODWLRQ2Q
GHDWKRIDQLQGLYLGXDOZHUHPRYHKLPIURPWKHWRWDOSRSXODWLRQDQGXSGDWHWKH
SRSXODWLRQDFFRUGLQJO\


&+$37(5)285

5(68/76


)LJXUHVKRZVWKHUHVXOWRIWKHSRSXODWLRQVLPXODWLRQPRGHOFDOLEUDWLRQZKHUH
ZHFRPSDUHWKHQXPEHURIVWURNHUHODWHGGHDWKVIURPWRJHQHUDWHGE\WKH
PRGHOZLWKWKDWREVHUYHGLQKLVWRULFDOGDWD1RWHWKDWVLQFHWKHPRGHOLVVWRFKDVWLFWR
SURYLGHVWDEOHHVWLPDWHVZHUHSHDWHDFKVLPXODWLRQWLPHVWRDWWDLQVWDEOHUHVXOWVDQG
UHSRUWWKHDYHUDJHRIUHVXOWV
 


ϴϬϬϬϬ
ϵϬϬϬϬ
ϭϬϬϬϬϬ
ϭϭϬϬϬϬ
ϭϮϬϬϬϬ
ϭϯϬϬϬϬ
ϭϰϬϬϬϬ
ϭϵϵϴ ϮϬϬϭ ϮϬϬϰ ϮϬϬϳ ϮϬϭϬ ϮϬϭϯ
^ƚ
ƌŽ
ŬĞ
D
Žƌ
ƚĂ
ůŝƚ
Ǉ
zĞĂƌ
,ŝƐƚŽƌŝĐĂůĂƚĂ
DŽĚĞů'ĞŶĞƌĂƚĞĚdƌĞŶĚ


)LJXUH&DOLEUDWLRQRISRSXODWLRQPRGHO

1RWH)LJXUHVKRZVWKHWUHQGJHQHUDWHGIRUWKHPRGHODVZHOODVWKHRULJLQDOH[SHFWHGWUHQGIRUWKH
VWURNHPRUWDOLW\IRUWKHSRSXODWLRQPRGHO

,QRXUEDVHFDVHDQDO\VLVZKHUHZHDVVXPHWKDWWKHPLQGIXOQHVVPHGLWDWLRQ
LQWHUYHQWLRQLVDSSOLHGIRULQGLYLGXDOVZLWKD6%3RIJUHDWHUWKDQPP+JDQGDOO
SDUDPHWHUVDUHVHWWRWKHEDVHOLQHYDOXHVRXUUHVXOWVVKRZWKDWZHFRXOGDYHUW
VWURNHLQFLGHQFHVDQGVWURNHUHODWHGGHDWKVRYHUWKHFRXUVHRIILIWHHQ\HDUV
)LJXUH$VKRZVWKHSUHGLFWLRQIRUWKHQXPEHURIVWURNHLQFLGHQFHVRYHUDFRXUVHRI
ILIWHHQ\HDUVIRUWZRVFHQDULRVLPLQGIXOQHVVPHGLWDWLRQLQWHUYHQWLRQLVQRW
LPSOHPHQWHGDQGLLPLQGIXOQHVVPHGLWDWLRQLQWHUYHQWLRQLVLPSOHPHQWHGDWEDVHOLQH


6LPLODUO\)LJXUH%VKRZVWKHQXPEHURIVWURNHUHODWHGPRUWDOLW\IRUWKH
DERYHPHQWLRQHGVFHQDULRV:HDOVRHVWLPDWHGWKHPRQHWDU\VDYLQJWKDWFRXOGEHDFKLHYHG
E\FRQVLGHULQJWKHPLQGIXOQHVVPHGLWDWLRQLQWHUYHQWLRQ7KHDYHUDJHFRVWRIFDUHIRUD
SDWLHQWXSWRGD\VDIWHUVWURNHLVDSSUR[LPDWHO\7KHUHIRUHEDVHGRQRXU
EDVHOLQHDVVXPSWLRQVRQPRGHOSDUDPHWHUVD\HDUO\VDYLQJRIQHDUO\RQHELOOLRQGROODUVLV
DFKLHYDEOHGXHWRWKLVLQWHUYHQWLRQ7KHEUHDNGRZQRIWKHFRVWVRIVWURNHIRUERWKVKRUW
DQGORQJWHUPFRXOGEHVHHQLQWKH)LJXUH$LQWKH$SSHQGL[%1RWHWKDWWKH
EUHDNGRZQRIWKHVWURNHLVE\WKHW\SHRIH[SHQVH$OVRWKHOLWHUDWXUHIRUWKHFRVWEXUGHQ
IRULVFKHPLFVWURNHFRXOGEHIRXQGLQWKH7DEOH$DQG7DEOH$LQ$SSHQGL[&




Ϭ
ϭϱϬϬϬ
ϯϬϬϬϬ
ϰϱϬϬϬ
ϲϬϬϬϬ
ϳϱϬϬϬ
ϵϬϬϬϬ
ϭϬϱϬϬϬ
ϮϬϭϭ ϮϬϭϰ ϮϬϭϳ ϮϬϮϬ ϮϬϮϯ ϮϬϮϲ ϮϬϮϵ
^ƚ
ƌŽ
ŬĞ
D
Žƌ
ƚĂ
ůŝƚ
Ǉ
zĞĂƌ
DŽĚĞůtŝƚŚŽƵƚ
/ŶƚĞƌǀĞŶƚŝŽŶ
DŽĚĞůtŝƚŚ
/ŶƚĞƌǀĞŶƚŝŽŶ

)LJXUH$5HGXFWLRQLQVWURNHLQFLGHQFHE\DSSO\LQJWKHLQWHUYHQWLRQ



1RWH)LJXUH$GHSLFWVWKHUHVXOWVRIDSSO\LQJWKHLQWHUYHQWLRQRQVWURNHLQFLGHQFHWUHQGV,QSDUWLFXODU
WKHVROLGOLQHVKRZVWKHVWURNHLQFLGHQFHLQDQLQWHUYHQWLRQIUHHVHWWLQJDQGWKHGRWWHGOLQHVVKRZVWKDWLQD
VHWWLQJZKHUHWKHLQWHUYHQWLRQLVLPSOHPHQWHG5HVXOWVVKRZDQLPSURYHPHQWRILQWKHUHGXFWLRQRI
VWURNHLQFLGHQFHV


Ϭ
ϱϬϬϬϬ
ϭϬϬϬϬϬ
ϭϱϬϬϬϬ
ϮϬϬϬϬϬ
ϮϱϬϬϬϬ
ϯϬϬϬϬϬ
ϯϱϬϬϬϬ
ϰϬϬϬϬϬ
ϰϱϬϬϬϬ
ϱϬϬϬϬϬ
ϮϬϭϭ ϮϬϭϰ ϮϬϭϳ ϮϬϮϬ ϮϬϮϯ ϮϬϮϲ ϮϬϮϵ
^ƚ
ƌŽ
ŬĞ
/Ŷ
ĐŝĚ
ĞŶ
ĐĞ
Ɛ
zĞĂƌ
DŽĚĞůtŝƚŚŽƵƚ
/ŶƚĞƌǀĞŶƚŝŽŶ
DŽĚĞůtŝƚŚ
/ŶƚĞƌǀĞŶƚŝŽŶ

)LJXUH%5HGXFWLRQLQVWURNHPRUWDOLW\E\DSSO\LQJWKHLQWHUYHQWLRQ

1RWH)LJXUH%FRPSDUHVWKHSUHGLFWHGQXPEHURIVWURNHUHODWHGPRUWDOLW\SURGXFHGE\WKHPRGHOLQ
WZRVFHQDULRV7KHVROLGOLQHVKRZVWKHQXPEHURIVWURNHUHODWHGGHDWKVLQDQLQWHUYHQWLRQIUHHVHWWLQJDQG
WKHGRWWHGOLQHVKRZVWKDWLQDVHWWLQJZKHUHWKHPLQGIXOQHVVPHGLWDWLRQLQWHUYHQWLRQLVDSSOLHG7KHUHVXOWV
DUHUHSRUWHGRYHUDSHULRGIURP\HDUWR5HVXOWVVKRZDQLPSURYHPHQWRILQWKH
UHGXFWLRQRIVWURNHPRUWDOLW\

:HFRQGXFWHGDYDULHW\RIRQHZD\DQGWZRZD\VHQVLWLYLW\DQDO\VLVWR
LQYHVWLJDWHWKHUREXVWQHVVRIRXUUHVXOWVDVZHOODVLGHQWLI\WKHNH\IDFWRUVRQRXWFRPHV


E\SHUWXUELQJWKHPRGHOSDUDPHWHUV7DEOHUHSRUWVWKHUHVXOWVRIWKHVHQVLWLYLW\
DQDO\VLV,QWKHEDVHFDVHZHDSSOLHGWKHLQWHUYHQWLRQWRLQGLYLGXDOVZLWKD6%3RI
JUHDWHUWKDQPP+J,QRQHVHQVLWLYLW\DQDO\VLVZHFRQVLGHUHGWZRRWKHUWKUHVKROGV
IRUDSSO\LQJWKHLQWHUYHQWLRQQDPHO\DQGPP+J2XUUHVXOWVVKRZWKDWE\
LQFUHDVLQJWKHLQWHUYHQWLRQLQLWLDWLRQWKUHVKROGWRPP+JWKHQXPEHURIVWURNH
LQFLGHQFHVDYHUWHGDQGWKHQXPEHURIGHDWKVDYHUWHGFRPSDUHGWRWKHEDVHFDVHZRXOG
UHGXFHE\DQGUHVSHFWLYHO\6LPLODUO\E\LQFUHDVLQJWKHLQWHUYHQWLRQ
LQLWLDWLRQWKUHVKROGWRPP+JWKHQXPEHURIVWURNHLQFLGHQFHVDYHUWHGDQGWKH
QXPEHURIGHDWKVDYHUWHGFRPSDUHGWRWKHEDVHFDVHZRXOGUHGXFHE\DQG
UHVSHFWLYHO\5HFDOOWKDWLQRXUEDVHFDVHWKHLQWHUYHQWLRQLVDSSOLFDEOHWRDOO
DGXOWDJHJURXSV,QDVHQVLWLYLW\DQDO\VLVZHDSSOLHGWKHLQWHUYHQWLRQWRDYDULHW\RIDJH
JURXSV,QSDUWLFXODUZHDVVXPHGWKDWWKHLQWHUYHQWLRQLVDSSOLHGWRLQGLYLGXDOVROGHUWKDQ
DQG\HDUVROGDQGRXUUHVXOWVVKRZWKDWFRPSDUHGWRWKHEDVHWKHUHLVQRWD
VLJQLILFDQWGLIIHUHQFHLQWKHQXPEHURIVWURNHLQFLGHQFHVDQGVWURNHUHODWHGGHDWKV7KLV
VKRZVWKDWWKHPRVWEHQHILWFRPHVIURPDSSO\LQJWKHLQWHUYHQWLRQIRULQGLYLGXDOVROGHU
WKDQ\HDUV:HFKDQJHGWKHH[SHFWHGYDOXHRIDWWHQGDQFHUDWHIURPWRDQG
GLGQRWREVHUYHDVLJQLILFDQWGLIIHUHQFHDPRQJRXWFRPHVFRPSDUHGWRWKHEDVH+RZHYHU
ZKHQZHYDULHGWKHH[SHFWHGYDOXHRIWKHDGKHUHQFHUDWHIURPWRZHREVHUYHG
DVXEVWDQWLDOFKDQJHLQWKHUHVXOWV,QSDUWLFXODULIWKHDYHUDJHDGKHUHQFHUDWHGURSVWR
WKHQXPEHURIVWURNHLQFLGHQFHVDYHUWHGDQGWKHQXPEHURIGHDWKVDYHUWHG
FRPSDUHGWRWKHEDVHFDVHZRXOGGHFUHDVHE\DQGUHVSHFWLYHO\
0RUHRYHULIWKHDYHUDJHDGKHUHQFHUDWHLQFUHDVHVWRWKHQXPEHURIVWURNH


LQFLGHQFHVDYHUWHGDQGWKHQXPEHURIGHDWKVDYHUWHGFRPSDUHGWRWKHEDVHFDVHZRXOG
LQFUHDVHE\DQGUHVSHFWLYHO\
$ORQJZLWKWKHDERYHPHQWLRQHGVFHQDULRVVRPHRWKHUVFHQDULRVZHUHDOVR
LQFOXGHGLQWKHVHQVLWLYLW\DQDO\VLVRQHRIWKHPEHLQJWKHRSWLPLVWLFVHWWLQJDQGWKHRWKHU
RQHEHLQJSHVVLPLVWLFVHWWLQJ,QWKHSHVVLPLVWLFVHWWLQJZHFRQVLGHUHGWKHORZHUYDOXHV
IRUWKHDGKHUHQFHUDWHDQGDWWHQGDQFHUDWH7KHDGKHUHQFHUDWHIRUWKHSHVVLPLVWLFVHWWLQJ
ZDVIL[HGDWDQGWKHDGKHUHQFHUDWHZDVIL[HGDW2QWKHRWKHUKDQGLQWKH
RSWLPLVWLFVHWWLQJZHFRQVLGHUHGWKHXSSHUYDOXHVRIWKHDGKHUHQFHUDWHDQGWKH
DWWHQGDQFHUDWH7KHDGKHUHQFHUDWHZDVIL[HGDWDQGWKHDWWHQGDQFHUDWHZDVIL[HGDW
7KHUHVXOWVIRUWKHRSWLPLVWLFVHWWLQJVKRZWKDWWKHQXPEHURIGHDWKVDYHUWHGZRXOG
LQFUHDVHE\DQGWKHQXPEHURIVWURNHVDYHUWHGZRXOGLQFUHDVHE\7KH
UHVXOWVIRUWKHSHVVLPLVWLFVHWWLQJVKRZWKDWWKHQXPEHURIGHDWKVDYHUWHGZRXOGGHFUHDVH
E\DQGWKHQXPEHURIVWURNHVDYHUWHGZRXOGGHFUHDVHE\2XUWZRZD\
VHQVLWLYLW\DQDO\VLVDOVRFRQILUPVWKHVLJQLILFDQFHRILQGLYLGXDO¶VDGKHUHQFHLQWKH
HIIHFWLYHQHVVRIWKHLQWHUYHQWLRQ7KLVREVHUYDWLRQVXJJHVWVWKDWIRUGHVLJQLQJDQHIIHFWLYH
PLQGIXOQHVVPHGLWDWLRQSURJUDPSROLF\PDNHUVPD\SULRULWL]HIXQGLQJWRWKHSURJUDPV
WKDWDLPWRLPSURYHWKHFRPSOLDQFHRILQGLYLGXDOVWRPHGLWDWLRQ
 




7DEOH6HQVLWLYLW\$QDO\VLV


  
6FHQDULRV 1XPEHURI7RWDO'HDWKV
$YHUWHG
1XPEHURI7RWDO6WURNHV
$YHUWHG
  
%DVH,QWHUYHQWLRQ  
6%3  
6%3  
$JH  
$JH  
$JH  
$WWHQGDQFH  
$WWHQGDQFH  
$GKHUHQFH  
$GKHUHQFH  
$WWHQGDQFH	$GKHUHQFH  
$WWHQGDQFH	$GKHUHQFH  


7KLVWDEOHUHSRUWVWKHVWDWLVWLFVUHODWLQJWRWKHVWURNHLQFLGHQFHVDQGVWURNH
PRUWDOLW\IRUDYDULHW\RIVFHQDULRV,QWKHEDVHFDVHDOOLQGLYLGXDOVLQWKHPRGHODUH
FRQVLGHUHGIRUWKHLQWHUYHQWLRQ6%3GHQRWHVWKDWLQWHUYHQWLRQLVDSSOLHGWRRQO\WKRVH
LQGLYLGXDOVZKRVH6%3LVPRUHWKDQRUHTXDOWRPPRI+J$JHGHQRWHVWKDWWKH
SHRSOHRQO\DERYH\HDUVRIDJHDUHFRQVLGHUHGIRUWKHLQWHUYHQWLRQ$WWHQGDQFHLV
XVHGWRVSHFLI\WKDWWKHDWWHQGDQFHIRULQWHUYHQWLRQLVVHWWRDQG$GKHUHQFHVKRZV
WKDWWKHDGKHUHQFHWRLQWHUYHQWLRQLVVHWWR:LWKWKHLQFUHDVHLQ6%3DERYHZKLFK
ZHDSSO\LQWHUYHQWLRQWKHQXPEHURIVWURNHGHDWKVDYHUWHGUHGXFHV6LPLODUO\ZLWKWKH
LQFUHDVHLQDJHWKHVWURNHPRUWDOLW\LQFUHDVHVWKDWLVWKHGHDWKGXHWRVWURNHUHGXFHV$V


ZHGHFUHDVHWKHDGKHUHQFHUDWHRUDWWHQGDQFHUDWHWKHVWURNHPRUWDOLW\LQFUHDVHV7KH
HIIHFWRIDGKHUHQFHLVODUJHUWKDQDWWHQGDQFHDFFRUGLQJWRWKHUHVXOWV7KHLPSRUWDQW
IDFWRUVDUHWKHDGKHUHQFHDQG6%3EHFDXVHWKH\VKRZDPXFKODUJHULPSDFWRQWKHPRGHO
LQWHUPVRIVWURNHPRUWDOLW\
 


&+$37(5),9(

&21&/86,21

6XPPDU\


0LQGIXOQHVVPHGLWDWLRQLVRQHRIWKHHPHUJLQJOLIHVW\OHWHFKQLTXHVWKDWDGGUHVVHV
PXOWLSOHULVNIDFWRUVRIFDUGLRYDVFXODUGLVHDVHVLQFOXGLQJHOHYDWHGEORRGSUHVVXUH7KLV
UHVHDUFKXVHVDVLPXODWLRQPRGHOWRH[SORUHVWURNHPRUWDOLW\DPRQJWKH86SRSXODWLRQ
DERYH\HDUVRIDJH$K\SRWKHWLFDOPHGLWDWLRQLQWHUYHQWLRQZLWKDQDWWHQGDQFHUDWHRI
DQGDGKHUHQFHUDWHRIDPRQJSHRSOHZLWKV\VWROLFEORRGSUHVVXUHJUHDWHUWKDQ
PP+JDYHUWVDSSUR[LPDWHO\GHDWKVRYHUDFRXUVHRIILIWHHQ\HDUV7KLV
RXWFRPHLVYHU\VHQVLWLYHWRWKHDGKHUHQFHUDWHZHDVVXPHGDWDQDGKHUHQFHUDWHRI
WKHQXPEHURIVWURNHGHDWKVDYHUWHGGURSVWRQHDUO\RYHUDFRXUVHRIILIWHHQ
\HDUVDQGLIZHDVVXPHWKHDGKHUHQFHUDWHLVWKHQXPEHURIVWURNHGHDWKVDYHUWHG
LQFUHDVHVWRDURXQG
7RWKHEHVWRIRXUNQRZOHGJHWKLVVWXG\LVWKHILUVWPRGHOEDVHGSURMHFWLRQRID
K\SRWKHWLFDOGLIIXVLRQRIPHGLWDWLRQSUDFWLFHDPRQJSHRSOHDWHOHYDWHGULVNIRU
FDUGLRYDVFXODUGLVHDVHV7KHPLFURVLPXODWLRQQDWXUHRIRXUPRGHOPDNHVLWHDV\WR
HVWLPDWHZKDWWKHWRWDOEHQHILWVRIPHGLWDWLRQGLIIXVLRQZLOOORRNOLNHIRUDGHILQHGVXEVHW
RIWKH86SRSXODWLRQ)RUH[DPSOHDVWDWHJRYHUQPHQWDJHQF\RUDQLQVXUDQFHFRPSDQ\
LQWHUHVWHGLQFXUELQJVWURNHUHODWHGFRVWVDQGSURGXFWLYLW\ORVVHVFDQHDVLO\WDNHDVXEVHW
RIRXUVLPXODWHG86SRSXODWLRQDQGH[SORUHWKHH[WHQWWRZKLFKDPHGLWDWLRQSURPRWLRQ
SURJUDPFRXOGKHOSZLWKWKHLUJRDOV$VWKHPRUWDOLW\EHQHILWVRIPHGLWDWLRQDVVLPXODWHG
LQRXUPRGHOLVPHGLDWHGWKURXJKDGHFUHDVHRIV\VWROLFEORRGSUHVVXUHWKLVPRGHOFDQ


DOVREHDGDSWHGWRVLPXODWHWKHPRUWDOLW\EHQHILWRIDQ\LQWHUYHQWLRQSURYHQWRORZHU
V\VWROLFEORRGSUHVVXUHHJSK\VLFDODFWLYLW\IDVWLQJSKDUPDFRORJLFDOLQWHUYHQWLRQ
VXUJLFDOLQWHUYHQWLRQHWF

/LPLWDWLRQV

7KLVVWXG\KDVVHYHUDOOLPLWDWLRQV2XUPRGHOLVOLPLWHGLQWKDWLWRQO\VLPXODWHV
RQHDVSHFWRIK\SHUWHQVLRQV\VWROLFK\SHUWHQVLRQ$PRUHFRPSUHKHQVLYHPRGHORI
VWURNHPRUWDOLW\QHHGVWRLQFOXGHWKHGLDVWROLFEORRGSUHVVXUHDQGLWVUHVSRQVHWRKHDOWK
LQWHUYHQWLRQVDVZHOO$OVRWKHSURMHFWHGKHDOWKEHQHILWVEDVHGXSRQRXUPRGHOUHVXOWVDUH
OLNHO\WREHDQXQGHUHVWLPDWLRQRIWKHWRWDOKHDOWKLPSURYHPHQWDWWDLQDEOHWKURXJKDQ
LQFUHDVHLQWKHXSWDNHRIPHGLWDWLRQSUDFWLFHVLQFHPHGLWDWLRQLPSURYHVKHDOWKUHODWHG
TXDOLW\RIOLIHLQDGGLWLRQWRLWVPRUWDOLW\EHQHILWVDQGLWVEHQHILWVRQPRUWDOLW\UHGXFWLRQ
LVQRWOLPLWHGWRVWURNHPRUWDOLW\:HFRQVLGHUHGDJHDQG6%3WRUHSUHVHQWHDFK
LQGLYLGXDOLQWKHSRSXODWLRQDQGGLGQRWFRQVLGHURWKHUFKDUDFWHULVWLFVVXFKDVJHQGHUDQG
UDFHZKLFKPLJKWKDYHLPSDFWRQUHVXOWV

)XWXUH5HVHDUFK

7RKDYHDPRUHFRPSUHKHQVLYHTXDQWLILFDWLRQRIZKDWPHGLWDWLRQFDQGRWR
LPSURYHSRSXODWLRQKHDOWKIXWXUHPRGHOVQHHGWRDGGLQRWKHUW\SHVRIHYLGHQFHEDVHG
PRUWDOLW\EHQHILWVIURPPHGLWDWLRQDVZHOODVDGGLQJLQWKHFRPSRQHQWVRIKHDOWKUHODWHG


TXDOLW\RIOLIH:HFDQDOVRLQFRUSRUDWHPRUHFKDUDFWHULVWLFVIRUWKHLQGLYLGXDOVIRU
H[DPSOHFRQVLGHULQJJHQGHUUDFHPXOWLSOHLQWHUYHQWLRQVRIPHGLFDWLRQDQGWKHLUHIIHFWV
RQWKHV\VWROLFEORRGSUHVVXUH:HFRXOGDOVRLQFOXGHWKHHIIHFWRQGLDVWROLFEORRG
SUHVVXUHPDLQO\EHFDXVHHYHQWKRXJKQRWPDMRUEXWGLDVWROLFEORRGSUHVVXUHKDVVRPH
HIIHFWRQWKHVWURNHV
 
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
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
$SSHQGL[$
7DEOH$/LIHWDEOHIRUWKHWRWDOSRSXODWLRQ8QLWHG6WDWHV


     6WDWLRQDU\ 
 3URSRUWLRQ 1XPEHU 1XPEHU 6WDWLRQDU\ SRSXODWLRQLQ /LIH
 G\LQJ OLYLQJDW G\LQJ SRSXODWLRQ WKLVDQGDOO H[SHFWDQF\
 GXULQJ EHJLQQLQJRI GXULQJ LQWKH VXEVHTXHQW DWEHJLQQLQJ
 DJHLQWHUYDO DJHLQWHUYDO DJHLQWHUYDO DJHLQWHUYDO DJHLQWHUYDOV RIDJHLQWHUYDO
      
$JH T[ O[ G[ /[ 7[ H[
      
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